Background: In sub Saharan Africa, small size surveys have demonstrated early high mortality among infected patients on antiretroviral therapies (ART). Few studies have been conducted in large cohorts of HIV-patients in public health care system in West Africa. Objectives: Our study aims to determine mortality rate and its predictors in a cohort of patients on ART in a public daycare hospital in Burkina Faso. Methods: We have carried out a retrospective cohort study. All HIV-infected patients on ART between January 1st 2008 and December 31st 2011 were included in the study. Survival probability was estimated by the Kaplan-Meier method. Cox regression analysis was used to identify associated factors to mortality. Results: A total of 2243 HIV-infected patients were included in the study. During the follow-up, 218 patients representing 9.7% were lost. About 104 patients representing 4.6% were transferred and 1691 representing 75.4% were still in the therapeutic cohort. There were 230 death cases for a total of 4282 persons-years, (5.4 deaths for 100 persons-years; 95% CI: 4.8 -6.3). The survival probabilities after 6 months, 1 year and 2 years were 92.6%, 91% and 88.9% respectively. For the multivariate analysis, the following factors were independently associated to death: male gender, BMI < 18.5 kg/m 2 , WHO stage 3 and 4, HIV-2, T-CD4 lymphocytes < 200/µl, haemoglobin rate < 8 g/dl and creatinine clearance < 60 ml/m 2 . Conclusions: Our study provides for the first time mortality rates and its predictors among HIV-patients on antiretroviral treatment in a large cohort in public health sector in Burkina Faso. It highlights the importance of early HIV screening to limit ART initiation at advanced HIV infection stages.
Introduction
Nowadays, antiretroviral treatments (ART) do not only aim to reduce morbidity and mortality caused by HIV infection and improving infected patients' life. They also aim to prevent HIV infection [1] , therefore, they have the interest of reaching universal access to ART goals (ART coverage superior or equal to 80% to those in need among infected patients). Few African countries were able to make it [2] . However, in sub Saharan Africa, the number of patients on ART is increasing [2] . Landlocked West African country, Burkina Faso is also part of this trend with 36,248 patients on ART in December 2011 [2] . Obviously, ART have drastically reduced HIV-related morbidity and mortality [2] [3] [4] [5] [6] . However, one can note residual mortality among HIV-patients both in Southern and Northern countries [7] . The Souro Sanou Teaching Hospital is a public reference health centre in Burkina Faso and in West Africa for the ambulatory care to HIV-infected patients [8] . Few studies have been carried out among large cohorts in West Africa on mortality during ART in public health care system. In such conditions where patients on ART are increasing, we found it necessary to make investigations among the Bobo-Dioulasso cohort which includes 3089 patients on ART at the day of December 31st 2011. The objective of this study was therefore to determine mortality rates and related factors among a cohort of ART patients in Burkina Faso, West Africa.
Methods

Study Area
The study was conducted at the Teaching Hospital in Bobo-Dioulasso and specifically at the Day Care Hospital for HIV-patients. Bobo-Dioulasso is the second major city after Ouagadougou the capital city, in Burkina Faso
Study Design
We conducted a retrospective cohort study. We included all HIV patients on ART between January 1st 2008 and December 31st 2011. These patients were followed up from the initiation of the ART to June 30th 2012 (cut off point).
Data Collection
Data have been collected during medical examinations with ESOPE software (Epi concept). ESOPE is software for monitoring patients with HIV infection in limited resources countries. Data collected at the first visit included: socio-demographic data, medical history, WHO classification, biological and clinical examinations, data such as weight, height, etc. Samplings for biological examinations were carried out on patients with empty stomach. Examinations carried out at the first visit included haemogram, TCD4 lymphocytes counting, and creatinine checking. Data collected on ESOPE software were transferred to STATA-12 Corporation, Texas for analysis.
Statistical Analyses
Patients' socio-demographic, clinical and biological characteristics were described in number and percentage for qualitative variables. Quantitative variables were described through their medians and inter-quartile intervals (IQR). The Pearson chi2 test was used to compare proportions. The Student t test was used to test equality between the two averages (signification threshold 5%). To calculate the mortality rate we used at the numerator the total number of deaths that occurred during the follow up and at the denominator how long patients were followed up in the cohort from the first day of the treatment. Survival probability was evaluated by the Kaplan-Meier method. The association between socio-demographic, clinical and immunologic factors of mortality was assessed with the Iogrank test (signification threshold = 5%).
The effect of predictors significantly associated to the prognosis was then studied through a multivariate analysis with Cox proportional risks model.
Ethical Issues
This study was done in the process of routine clinical care. Collected information was kept confidential and names of patients were not included in the data collection process. The pre-therapeutic biological assessment showed 7.1% of severe anaemia (hb < 8 g/dl); 10% of kidney insufficiency (creatinine clearance < 60 ml/m 2 ). The median number of T-CD4 lymphocytes at the initiation of the ART was 186 cells/µl (IQR 95 -268) and 6.4% of the patients had more than 350 cells/µl.
Results
Characteristics of the Study Population
The median time limit between the first medical visit and the initiation of the ART was estimated to 44.0 days (IQR 21 -206 ) and the median duration of the treatment was 20.0 months (IQR 9 -35). The current medication consisted in the association of two nucleoside reverse transcriptase inhibitors (NRTIs) with a non-nucleoside reverse transcriptase inhibitor (NNRTI). The most common Anti Retroviral regimens prescribed included AZT + 3TC + EFV (40.7%), AZT + 3TC + NVP (31.4%).
Cohort Follow-Up and Survival Progression
During the follow-up, we lost 218 patients (9.7%). Among males we lost of follow-up 4.3% of cases and among females we noted 4.8% of lost of follow-up. Around 104 (4.6%) were transferred to different health centres. Among males, 8.9% were transferred and among females 10% were transferred (p = 0.44). 230 deaths representing 10.3% were registered. Among males we Registered 15.4% of deaths and among females, 8.2% of ) and 1691 cases were still in the active cohort, representing 75.4%. There were 230 deaths for a total of 4282 persons-years (5.4 deaths for 100 personsyears 95% CI: 4.8 -6.3). Most deaths, 156 out of 230, representing 68.1% occurred during the first six months following the ART initiation. Survival probability after 6 months, 1 year and 2 years was 92.6%, 91% and 88.9% respectively.
Mortality Predictors
During the univariate analysis, socio-demographic factors associated to death included age and male gender. Death risks were two times higher in men (p < 10
) than women (Figure 1 ) and 3.8 times higher among patients more than 55 years old (p = 0.002).
AIDS clinical suspicion at screening (p < 10
), severe malnutrition with a BMI < 18.5 kg/m 2 (p < 10 ) at the initiation of the antiretroviral treatment were the clinical factors associated to death.
Biological characteristics such as HIV-2 infection, poor TCD4 lymphocytes (<200/µl), severe anaemia (hb < 8 g/dl), creatinine clearance < 60 ml/m 2 were significantly associated with death ( Table 2) .
The median time limit between the first medical visit and the starting of the ART among dead patients was comparable to that of living patients, that is, 18 versus 17 days p = 0.6.
At the multivariate analysis the following characteristics at the initiation of the ART were independently associated with death: male gender, BMI < 18.5 kg/m 2 , WHO stage 3 and 4, HIV-2, T-CD4 lymphocytes < 200/µl, haemoglobin rate < 8 g/dl and Creatinine clearance < 60 ml/m 2 ( Table 2 ).
Discussion
Our study provides for the first time both mortality rates and death risk factors among patients on ART in a cohort involving many participants in a governmental health centre in Burkina Faso and in West Africa. Longitudinal studies in West Africa were carried out either in governmental health centres or among few participants. In our retrospective cohort, we found a mortality rate of 5.4 deaths for 100 persons-years. Most death cases representing 68.1% occurred during the first six months following ART and there were 218 lost of follow-up representing 9.7%. It is highly recommended that patients adhere to their treatment and follow-up visits to achieve treatment efficacy. Several studies have demonstrated that mortality in southern countries during the first six months of ART initiation is higher than in northern countries with higher number of the patients lost of follow-up [6, 7, 9] . The mortality rate, 5.4 deaths for 100 persons-years that we found out was low compared to common rates in resources-limited countries [10] . In a meta-analysis concerning resources-limited countries like Asia, Africa, Central and South America, mortality rates varied between 2.6% and 29.7%. The lowest rate was recorded in a multi-regional South American cohort and the highest in sub Saharan Africa [10] . In Dakar, Senegal, on 404 adult patients from the antiretroviral treatment access initiative, the mortality rate was 12.5 deaths for 100 persons-years in the first year and decreased to 6.6 for 100 persons-years in the second year [11] . In Ivory Coast, on 10,211 adult patients taking part in the Aconda Programme, a non-governmental programme for the access to ART, the mortality rate for a period of 18 months was 11.2%, the proportion of lost to follow-up was 13.6% and 85% for the survival probability with no consideration of the rate of CD4 lymphocytes [12] . In Yaounde, Cameroon, on 315 patients, a 9% mortality rate and 21.2 for 100 persons-years mortality were noted [13] . In Ethiopia, among a cohort of 1540 patients, the mortality rate varied from 15.4 for 100 persons-years in the South [14] , to 2.03 (95% CI 1.64 -2.51) for 100 persons-years in the East [15] . However, lower mortality rates among patients on ART are often recorded in northern countries [7] . Mortality among patients on ART in countries with poor resources is often due to opportunistic infections and immune reconstitution inflammatory syndrome [10, 16, 17] .
In our study, patients started ART mostly at an advanced immune-depression stage due to late screening. For most patients, HIV screening was initiated on the basis of a clinical suspicion. Therefore, it was not a real screening. Patients who have discovered their HIV infection following a clinical suspicion have almost more than two times risks to die than those who have been screened when their infection was asymptomatic. This advanced immune-depression with WHO 3 and 4 stages, weak T-CD4 lymphocytes rates, low haemoglobin rate and a BMI less than 18.5 kg/m 2 at the initiation of ART were often reported in African cohort [6, 7, 11, 12, 14, 18, 19] and n other southern countries [10, [20] [21] [22] [23] . Late screening i
Open Access AID and advanced immune-depression on ART initiation are the major causes for early mortality of patients taking ART among cohorts in countries with poor resources. Throughout the survey we found out that men were nearly two times more exposed to death risks than women. A strong relationship between male gender and mortality when taking ART was reported in other African cohorts [11, 24, 25] . In our centre, there was no significant difference between men and women lost to follow up. In Kenya, a survey demonstrated that the rate of men in follow up programmes is lower than that of women [26] . Besides, men have a bad observance of the ART [27] . However, a survey in China showed that death risk on ART is higher when the patient does not regularly have medical visits and that women do not regularly attend checkups as men [28] .
Mortality of HIV-Infected Patients on Antiretroviral Therapy in a Large
Through our results, death risk was higher among HIV-2 infected patients compared to HIV-1 and HIV-1 + 2 infected patients in a multivariate analysis. A study conducted in Ouagadougou, Burkina Faso shows that similar results are reported in non-governmental centres treating HIV infected patients [29] . In this study among patients with advanced immune-depression, there is a higher mortality rate and a lower immune restoration among HIV-2 patients compared to HIV-1 patients.
In one hand, results on immunity restoration were discovered in Gambia [30] and Ivory Coast [12] . On the other hand, in the Gambian survey mortality was higher among HIV-1 patients compared to HIV-2 and HIV-1 + 2 patients [30] . In the study carried out in Ivory Coast, there is no statistical difference in the mortality rate regarding the type of HIV [12] . In a prospective cohort survey conducted in Guinea Bissau between 1990 and 2007, 223 HIV-1 infected patients participated in the study. Those with a HIV-2 infection in addition to HIV-1 presented a slow progression towards AIDS and had a higher TCD4 lymphocytes rate [31] .
We also noticed that 9.8% of patients in our cohort had a creatinine clearance < 60 ml/m 2 at the ART initiation. In Zambia, a survey came out to the same proportions. Similarly, the authors of the study found a very close relation between the high rate of creatinine at ART initiation and death occurrence [32] . However, it is demonstrated that in countries with poor resources, where there are not always etiologic investigations in case of high creatinine, the initiation of ART improved patients' kidney function [33] . Factors associated to kidney impairment among HIV infected patients initiating ART combine diabetes, high blood pressure, heart diseases, traditional treatment and HIV-related factors such as low TCD4 lymphocytes, high viral load, WHO stage III and IV, and low BMI [34, 35] . Nowadays according to WHO recommendations [36] tenofovir is widely used in Africa, so there are many problems with patients suffering from a kidney insufficiency when starting an ART. Though it is very efficient and well tolerated [36] [37] [38] , tenofovir worsens existing kidney lesions among African cohorts [39] [40] [41] .
Finally, in our study, age and level of education were not considered as risk factors. In Ethiopia, patients with a primary school education level have higher death risks than uneducated ones [14] .
Our study has weaknesses: the Bobo-Dioulasso day hospital is a national reference teaching hospital with an experienced team. It provides free services including biological assessment and most opportunistic infection treatments. Our results are not representing the situation in the overall country, especially the HIV care in remote health districts where there are few practitioners and people have limited resources. However, a survey done by DWB-Holland tries to show that mortality in both vertical and integrated programmes is similar [42] . Because of the retrospective aspect of our study, data collection and the quality of some information have limitations. Some data are also missing and some factors such as viral load, opportunistic infections, death causes, and observance assessment were not taken into account. Finally, the number of those lost to follow up and the fact that we have no information on them could be a factor which does not make for the true assessment of mortality rates.
Conclusion
In our cohort, the mortality rate was 5.4 deaths per 100 person-years. Male gender, BMI <18.5 kg/m 2 , WHO stages 3 and 4, the number of T-CD4 lymphocytes < 200/μl, hemoglobin rate < 8 g/dl, creatinine ≥120 µmol/l were factors independently associated with death. This study provides for the first time, mortality rates and death risk factors for patients on ART in a cohort with a large number of participants in a government centre in Burkina Faso and West Africa. It emphasizes once again the need for screening and early initiation of ART.
